In this work we present a review of all-optical XOR gates based on Mach-Zehnder Interferometer with Semiconductor Optical Amplifiers (MZI-SOA), using NRZ modulated signals driven at 10 Gbit/s. The performance of two alternative schemes for logical XOR gates implementation is demonstrated through numerical simulations and experimentally. The extinction ratio shows high operation performance with low degradation.
INTRODUCTION
In transparent optical networks, there is a need to perform all-optical signal processing that allows treating data information only in the optical domain, avoiding the optical-electrical-optical conversion and reducing the latency of the communications link [1] .
High speed all-optical logic gates are crucial devices in optical networks because they execute essential signal processing functions such as switching, regeneration and header recognition processing in photonic switching nodes.
One of the main building blocks to implement several all-optical devices such as comparators, adders and counters is the optical XOR gate [2] .
Many approaches have been reported to achieve all-optical XOR operation, and are mostly based on the nonlinear effects in semiconductor optical amplifier (SOA) such as cross-phase modulation (XPM), cross-gain modulation (XGM) and four-wave mixing (FWM) [3] - [5] .
In this paper, we have implemented an optical logic XOR gate based on a hybrid integrated MZI-SOA, using cross-phase modulation (XPM). The SOA-MZI is an element that performs a variety of optical logic functions and provides high extinction ratio (ER), requires low switching energies to operate and have regenerative capability and compactness.
Two schemes for all-optical logical XOR operation will be compared and the results obtained experimentally and from simulation will be discussed.
SYSTEM DESCRIPTION
The two experimental setups are depicted in Fig. 1 and consist of an external cavity laser peaking at 1549.32 nm, followed by a polarization controller and a Mach-Zehnder external modulator driven at 10 Gbit/s. The NRZ optical signal is then amplified in an Erbium Doped Fiber Amplifier (IPG-EAD-500-C3-W) and split into two equal parts using a 3 dB coupler. At this point both data signals are launched into the MZI-SOA (CIP 40G-2R2-ORP) port A and port D through an optical delay line, a variable optical attenuator and a polarization controller to adjust and synchronize the signals. Different data patterns are obtained by delaying signals at port A and port D.
For the co-propagation scheme, the control signal, a continuous wave (CW) lasing at 1546.12 run and with 0 dBm mean power, is launched into port B and the XOR signal is recovered at port I, using a filter with a 25 GHz bandwidth (X-tract Net Test) and centered at the control signal wavelength. The counter-propagation scheme uses the same control signal and it is launched into port I. The output is now at port B. For this setup, an isolator is placed between the EDFA and the 3 dB coupler.
As receivers, a PIN (HP-11982A) and an (Agilent Infinium 86100A) oscilloscope were used. Simulation of both systems depicted in Fig. 1 has been done using the Virtual Photonics Inc. Software. SOA parameters were based on the parameters used by Sun et al. [6] and they are illustrated in Table 1 . 
TEST RESULTS AND DISCUSSION

XOR Operation
The truth table for the logical operation exclusive disjunction is shown in Table 2 . As it can be seen, the logical XOR gate output presents the value 0 if both of the operands have the same value. Figure 3 presents the performance of all-optical XOR gates with the variation of the input power of the NRZ data signals from 0 to 4 dBm, maintaining at the same power the CW control signal (0 dBm). For both co and counter-propagation scheme, the performance of the XOR gate is almost independent of the input power, since the power variation of the two data signals involved in the comparison is the same. However, the counterpropagation scheme shows a better performance, with an improvement on the extinction ratio ranging from 0.72 dB to 1.64 dB.
Comparison of Extinction Ratio
Simulation results are in good agreement with the experimental measurements. 
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CONCLUSIONS
We have shown experimentally and by means of simulation that MZI-SOA devices acting as logic XOR gates using a counter-propagation scheme have better performance than a co-propagation scheme, with extinction ratio values higher than 10 dB.
